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The use of the earthquake early warning system (EEWS), one of the most useful emergency 
response tools, requires that the accuracy of real-time ground motion prediction (GMP) be 
enhanced. This requires that waveform information at observation points along earthquake wave 
propagation paths (hereafter, front-site waveform information) be used effectively. To enhance 
reliability by combining different systems, such as on-site and local/regional warning, a GMP 
method using front-site waveform information is presented by applying a relevant vector machine 
(RVM) in this thesis. Application examples of estimation of peak ground acceleration (PGA), peak 
ground velocity (PGV) and Fourier amplitude spectrum are also presented for earthquakes in the 
Miyagi-Ken Oki subduction zone. Without source information, front site waveforms have been 
used to predict ground motion at target sites. Six input variables, –earthquake PGA, PGV, PGD, 
pulse rise time, average period, the V/A ratio, and the ascending displacement pulse width – based 
on training of a regression model, have been used for the first 4 to 6 seconds of P-waves. It is found 
that RVM is a useful tool for the real-time ground motion prediction for EEW with its engineering 
application. 
 
The contents of thesis are written as follow: 
Chapter 1- Introduction 
For the EEWS, real-time prediction of ground shaking (PGA, PGV and spectral information) are 
the most important issues, so as to provide warning information before severe ground shaking due 
to a large earthquake. Earthquake Early Warning System (EEWS) makes it possible to reduce 
earthquake damage by taking mechanical and/or human reaction before severe shaking reaction and 
has been recently applied in some countries and regions, such as Japan, Mexico, Turkey, U.S.A. 
and Taiwan. 
 
To enhance EEW system redundancy for reliability, one of options is adoption of the parallel 
system by combining onsite and/or local warning systems with JMA warning system. From the 
background, Motosaka et al. (2008) proposed a regional EEWS combined with on-line structural 
health monitoring (SHM) functions. 
 
Our main purposes for this study are to improve real-time GMP accuracy and to bring forward the 
prediction start time by using front site waveform information. First, to avoid the uncertainties of 
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source parameters received from the first JMA warning issue, all source parameters were not 
included in the prediction model and all predictive parameters were obtained from the initial 
P-wave in this study. Second, Source parameters were ignored, so the prediction start time could be 
brought forward, so start time of prediction is decided as 4 seconds after P-wave onset. Third, six 
parameters were used for estimating coming ground motion, i.e., peak acceleration, peak velocity, 
peak displacement, predominant period, ratio of peak velocity and peak acceleration, and the 
effective cumulative ascending pulse width of the first displacement pulse. These six parameters 
were synthesized using the sparse Bayesian regression model (RVM) to predict ground shaking. 
 
The Relevance Vector Machine (RVM) is a machine learning technique and Bayesian inference 





Chapter 2-Ground Motion Estimation by RVM 
 
This chapter describes how RVM method can be used to prediction ground motion (onsite/regional). 
The available time analysis is investigated against Miyagi Offshore earthquakes. The time delay 
between onset of P-wave to P-wave, P-wave to S-wave for a special front site, and those time 
delays for some front- and target sites, are estimated and discussed. 
 
According to available time estimation, the 4s to 6s of initial P-wave have been chosen as the 
database for the real-time GMP. Six parameters have been selected as predictive parameters 
considering about the physical mean of each parameters and in order to put forward the start time of 
prediction. The training procedure of the regression models and their utilization for prediction are 
described in this chapter. The constructed regression models are examined for the real-time GMP 





Chapter 3- Ground Motion Prediction Network by applying RVM 
 
In Miyagi prefecture, there are many earthquake observation sites, the maximum usage of those 
sites is an advanced way than use  only one front  site for regional  warning. Therefore, after 
analyzing the available time of each front site, the Ishinomaki site and Shiogama site have been 
selected and combined with Oshika site to build a ground motion prediction network for Sendai 
site. 
 
The same predictive parameters and time section of initial P-wave have been computed and put into 
RVM to construct the corresponding regression models for predicting the ground motion in Sendai 
site. It is found that this prediction network can supply a successive prediction for earthquakes 





Chapter 4-Fourier Spectrum Prediction and Engineering Application 
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Spectral information of strong ground motions is important for engineering application. The Fourier 
amplitude spectra are investigated to describe the frequency content of strong earthquake shaking in 
this study. Although it is hard to get a frequency domain continuous data as good empirical 
prediction equation in general. The RVM regression models have been constructed based on each 
frequency point’s values from 0.5 Hz to 10 Hz by dividing the frequency domain into many points 
in this study. 
 
Structural vibration prediction for a building with real-time health monitoring system is investigated 







The real-time earthquake GMP using the RVM regression model is a new approach. Given a series 
of predictive parameter sets and a set of ground motion records at the front site, the RVM 
regression model gives the most likely prediction of PGA, and PGV at target sites, in addition to its 
variability this last needing further improvement. Spectral information prediction is also described 
and applied to vibration prediction of a building before severe shaking as engineering application. 
Results predicted by the RVM were found to be accurate enough to be applied to EEWS. For 
regression, the more training data, the closer prediction results lead to real values. With 
accumulation of earthquake data, the prediction model can be gradually improved. 
 






•It makes it possible to forecast accurate ground motion prediction for coming events by using 
trained prediction parameters and the initial P-wave information at front site without source 
information 
 
• Depending on the available arrival time between P and S-waves, the proposed method 
in this study provides accurate information on ground motion before hazardous ground 
motion arrives at a target site. 
 
 
• The RVM method has enabled us to predict ground motion without considering a 
fixed attenuation formula. 
 
 
• The RVM model can be improved as the earthquake database, expands and our model 
has less risk of over-fitting. 
 
 
The ground motion prediction method using RVM described in this study can be applied to other 
regions of Japan, and combined with those builds, at which the structural heath morning system has 
been install, for our future research. 
